Abstract. Several strange objects in the spiral galaxy NGC 6946 are described. One of these objects is the giant stellar complex noted long ago; we suggested that its sharp semicircular western edge is a result of the ram pressure, arising owing to motion of this complex through the H I halo of NGC 6946. We found another enigmatic object, proposing for it the name Red Ellipse; it is located within the isolated Northern arm of the galaxy. The enormous size of this Ellipse, and especially the spectroscopic data obtained recently with the 6-m reflector of the Special Astrophysical Observatory, made us to conclude that this object could not be a supernova remnant. The excellent image of NGC 6946 obtained with the Subaru 8-m telescope also shows a strange region with several regular crossed dark lanes, connected with a black spot.
INTRODUCTION
NGC 6946 is one of a dozen spiral galaxies nearest to us; it is rather isolated in space, being a member of the small Local Void noted by Peebles & Nusser (2010) . At low resolution, this galaxy looks somewhat like the "woolly" galaxies (Elmegreen & Elmegreen 2014) , usually observed at redshifts ∼1.4−1.8 and mostly demonstrating a transition from clumpy to spiral galaxies (Fig. 1 ). Can this similarity be related to the location of NGC 6946 inside a void? NGC 6946 is famous for its record number of supernovae (nine SNe were observed in , a rather irregular spiral structure (usually people see four arms there), and especially for its unique magnetic arms that, unlike all other galaxies, are located between the optical ones. The galaxy is also known for a large number of holes in its H I disk, some of which are enormous, with the largest diameters up to ∼ 2 kpc. Such sizes, which greatly exceed the thickness of galactic gaseous disks (Fig. 2) , are enigmatic; the issue is which were the sources of pressure that had formed holes in the H I disk. This pressure must have stopped when the diameter of the hole became as large as the effective thickness of the gaseous disk, which is hardly larger than 30-50 pc. Anyway, this is an old problem, known for many other galaxies as well.
As the sources of pressure that might form a hole in the H I disk of a galaxy, SN outbursts and stellar winds from stars were first suggested (Heiles 1979) . Later on, Tenorio-Tagle & Bodenheimer (1988) showed that collision of intergalactic gaseous Fig. 1 . Top: NGC 6946 (left, an image from the Subaru telescope; right, an H I image from THINGS). Bottom: a rough image of NGC 6946 (left) and one of "woolley" galaxies described by Elmegreen & Elmegreen (2014) (right) .
clouds could also form a large hole in a galaxy's gas disk. Bekki & Chiba (2006) suggested that gravitation of dark matter mini-haloes, which might move through a galaxy disk, were able to form a hole inside the disk gas. Elmegreen (1997) , however, noted that there was no need for a special cause for formation of holes in a galaxy gaseous disk: pervasive turbulence and fractal structure in the interstellar gas imply the existence of large holes and gaps without the need for a special mechanism for their formation. This idea was not developed enough to be compared in detail to observational data; anyway, Fig. 2 demonstrates that the distributions of H I (left-hand panel) and gas clouds emitting in the far IR range (middle panel) are very similar, and we conclude that the giant H I holes include collections of smaller clouds and rather empty space between them, at least in NGC 6946. The impression is that we still do not understand well the formation of holes in gas disks of galaxies, at least of the largest ones. As Heiles (1979) wrote long ago, the agent responsible for the existence of the largest holes "may be a new unknown kind of astronomical object". As a matter of fact, why are the holes in the H I disk of M81 so numerous and, also, why are all of them quite small?
THE HODGE COMPLEX
The most known peculiar structure in NGC 6946 is the Hodge complex; it was noted first by Paul Hodge long ago (Hodge 1967) . The complex was discussed in a number of papers, which demonstrated that the complex had a sharp western edge and a smoothed eastern border line and included a young supergiant cluster. The complex is seen in the lower left corner of Fig. 2 (right-hand panel) , in an image obtained with the Subaru telescope at Mauna Kea; it is shown to a larger scale in Fig. 4 .
Figures 3a, 3b, and 3c represent some results of its investigation with the 6-m telescope of the Special Astrophysical Observatory (SAO) of the Russian Academy of Sciences (Efremov et al. 2007 ), while Fig. 3d displays the rotation curve of NGC 6946 obtained by Boomsma et al. (2008) . We see that the blue spot (local minimum of V r ) in Fig. 3b exactly coincides with the region of anomalous ionization (high [N II]/Hα ratio) in Fig. 3c , and the value of V r in this region is just within the horizontal strip of V r in Fig. 3d , the velocity being constant across the whole NGC 6946 field. We concluded that the region ∼ 7 in size to the east of the largest cluster in the complex (marked by a cross) is an open window through which we see the gas of our Galaxy -the extraplanar diffuse ionized gas (EDIG). Figure 3d represents the H I radial-velocity field for the whole NGC 6946 galaxy (Boomsma et al. 2008) . It is evident that the horizontal strip at V r ∼ −20 to −40 km s −1 belongs to the foreground Milky Way gas layer, though Boomsma et al. (2008) did not mention this strip. This high-latitude gas has an abnormal N II/Hα ratio, like it is the case in other galaxies. Such a value of the ratio is observed within the dark spot in Fig. 3c . We see through this hole the warm ionized gas (WIG) of the MW halo and it is known that this gas has anomalous ionization (see Efremov et al. 2011) . Note that the V r value inside the blue/dark spot is the same as observed for the WIG strip by Boomsma et al. (2008) -as it is seen in Fig. 3d . This spot is indeed the smallest proven hole in the NGC 6946 H I layer.
We note the surprising similarity of the blue compact galaxy NGC 1705 and the Hodge complex inside the NGC 6946 galaxy. This is well seen in the HST images, of which we demonstrate (Figs. 4a and 4b) those obtained with the same planetary camera and at the same wavelength (PC F555W). Besides the edge, semicircular and sharp along 130-170
• , both objects host a supergiant young cluster. Later on we found (Efremov et al. 2011 ) that, everywhere in the direction of NGC 6946, the lines of ionized gas were decomposable into two Gaussians, one of which showed almost constant [S II]/Hα and [N II]/Hα ratios, as well as an almost constant radial velocity. These lines represent evidently the radiation from the diffuse ionized gas of our Galaxy, which is not surprising given the low (12 • ) latitude of NGC 6946. The analysis of the component of ionized gas belonging to NGC 6946 revealed that it showed signs of shock excitation in the cavities of the gaseous disk of that galaxy. This shock excitation is as well typical for the extraplanar diffuse ionized gas (EDIG), observed in a number of spiral galaxies at their (rather) high Z coordinates. This can most likely be explained by low density of the gas in the NGC 6946 disk (which generally has the usual photoionization) inside the cavities; due to it, inside the cavities, we see the spectral features of the EDIG gas of our Galaxy, that is really observed at the rather low (12 • ) latitude of NGC 6946.
Returning to the quite peculiar shape of the Hodge complex, we can suggest that it might be a dwarf galaxy (similar to NGC 1705) that is crossing the NGC 6946 halo at a low Z coordinate and with a high velocity; it is moving to the west, approximately parallel (as its radial velocity shows) to the NGC 6946 plane. Such a galaxy has to suffer from the strong ram pressure from NGC 6946 gas, which could produce the sharp arc-like western edge of the Hodge complex (Fig. 4d) . Such a sharp edge of a complex is quite rare; e.g., the giant complex (similar in size to that considered here), observed in the NE arm of M 51 at the end of a chain of smaller complexes, shows normal concentration of stars and clusters to its center (Efremov & Efremov 2015) .
THE RED ELLIPSE
Finally, inside the isolated northern spiral arm of the NGC 6946 galaxy, we noted, in the excellent Subaru telescope image, a large and rather regular red ellipse. It is much larger than the largest SN remnant known in NGC 6946. We called this strange object, unnoted earlier, the Red Ellipse because of its color, evidently determined by Hα emission. Its major axis is about 300 pc long; the ellipse is accompanied with a short parallel arc and several others, still smaller and less regular; a rather bright star cluster is seen inside these features (Fig. 5) . The complicated combination of arcs seems to be unique, it is only slightly similar to some SNRs.
The long-slit spectroscopic data, obtained by A. V. Moiseev with the SAO 6-m telescope, did not confirm the origin of the nebula as a result of a single SN outburst. The ratio of Hα/[S II] lines in the Red Ellipse was proven to be normal, and therefore there is no base to suggest that the object is a supernova remnant (Efremov & Moiseev 2016) . At any rate, the object is much larger than any of numerous SNRs known in NGC 6946.
The emission-line spectrum of our object corresponds to photoionization by young hot stars, with a small contribution from shock ionization. The most likely explanation of the Red Ellipse is that it is a super-bubble created by a collective feedback of massive stars in the star cluster located in the NE side of the Red Ellipse. Anyway, the regular elliptical shape of the nebula is really strange, and the cluster is not so large for this enormous super-bubble.
STRANGE SETS OF CROSSED DARK LANES
To the north of the Hodge complex, we have noted two quite strange configurations of dark spots and two sets of crossed dark lanes near these spots. More impressive is the southern of these two regions, shown in Fig. 6 . We have no explanation for these features.
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